The mechanism of light adaptation is an essential :-h ysiological reaction of the retina, Dopamine (DA) .' the main catecholamine occuring in the mam-:n ahan retina. DA and melatonin are putative neuro modulators of light adaptation: DA synthesis and ~elease in retinas of several species is stimulated by ::ght exposure (Iuvone et al. 1978) . Melatonin is • :1creased in the dark and is a potent modulator of DA release in the retina as was shown by Duboo \'ich (1983) . So the modulator of light seems to be DA and the modulator of dark melationin res-;-ectively. DA on its side was found to inhibit the ~e rotonin-acetylmethy1transferase actiVity (NAT; EC 2.3.1.5) in the retina (luvone and Besharse, 1986) . NAT is involved in the melatonin biosynthesis. The following and last enzyme in melatonin biosynthesis is the hydroxyindole-O-methyltransferase (HIOMT; EC 2.1.1.4), which transfers the methylgroup from S-adenosylmethionine (SAM) to Nacetyl serotonin (NAS). In this reaction SAM is transformed to S-adenosylhomocystein (SAH), which inhibits the HIOMT in a feed back mechanism.
We reported 1985 that purified HIOMT can be activated by addition of oxidized pterines (xanthopterin, leucopterin). It was concluded that the SAH inhibition of HIOMT was counteracted by the pteridines. This phenomenon lead to the suggestion that oxidized pteridines could possibly mimic dark adaptation by increasing activity of HIOMT and melatonin concentration respectively.
The "light-modulator" DA is synthesized in the § Author to whom correspondence should be addressed.
Pteridines / Vol. 6 / No. 3 presence of tetrahydobiopterin (BH4). From this it was suggested that BH4 possibly may mimic light adaptation by increasing DA. Recently we proved that exposure of bovine retina extracts to light increased BH4 and tetrahydromonapterin (MH4) respectively (CremerBartels et aI, 1992, 1993). Iuvone et al (1985) injected BH4 into the eyes of dark adapted rats and found increased DA in the retina. We confirmed by electroretinograms (Krause et aI, 1994 ) that intraperitoneal injections of BH4 into rats affectes the adaptaion function of the retina. The increased BH4 in experiments of light exposure point to photoreduction of pteridines. Experiments of Ledbetter sustain the phenomenon of photoreduction in a short time scale (Ledbetter, 1991; Ledbetter, Pfleiderer and Freisheim, 1993) .
Problem
Monapterin was found to occur in highest concentrations in the human retina (Gerding et aI, 1989) . This monapterin was proved to be d-monapterin (Zeitler, 1993) . The neopterin concentration in mammalian retina was proved to be low compared to monapterin. BH4 and MH4 were found to be the leading reduced pteridines in the mammalian retina.
A self sustaining circle in light adaptation depending on reduction of pteridines in light and on oxidation of pteridines in dark may suggested to occur in the retina. Photoreduced pteridines supply the retina with DA and lack of photoreduction in the dark favours oxidative degradation of pteridines and these on its side support the melatonin synthesis. So DA, the modulator of light adaptation, depends on reduced pteridines and melatonin, the modulator of dark adaptation, on oxidized pteridines respectively.
We were interested to get further insight into the biochemical mechanism of light adaptation depending on DA synthesis. The striking high content of monapterin in the mammalian retina leads to the question wether MH. is a cofactor of DA synthesis.
Two series of experiments were performed: 1. We examined the synthesis of dopa in the presence of tyrosine and tetrahydromonapterin (MH.) and tetrahydrobiopterin (BH.) respectively. To avoid difficulties by stereoisomeric problems, we examined chemical synthesis without presence of the enzyme tyrosinehydroxylase (TH; EC 1. 14. 16. 2). Fitzpatric (1993) concluded that the rate-limiting step in catalysis of TH is a chemical step. At 2°e tyrosine was hydroxylated within seconds in presence of the enzyme TH.
2. Dopa is decarboxylated by the enzyme aromatic aminoacid decarboxylase (AADC; EC 4.1.1. 28) to DA. Parkinson et al (1981) demonstrated that inhibition of I-AADC produces a rapid and dramatic depletion of retinal DA. We examined the dopa decarboxylation in the presence of bovine retinal extracts. The AADC seems of special interest, since Rahman, Nagatsu and Kato (1981) reported that the AADC was highest in the rat pineal gland compared to other central and peripheral tissues which were tested. The pineal gland and the retina are both involved in light adaptation processes and have several similarities. Melatonin biosynthesis is predominantly bound to pineal gland and retina, since the enzyme (HIOMT) of the melatonin synthesis is bound to these two tissues. 2. The activity of AADC which catalysed the DA synthesis is demonstrated in Figure 2 . the incubation time was 5 minutes only, since the degradiation product dihydroxyindole acetic acid (dopac) increased with increased incubation time. The apparent Michaelis constant was about 5 X lO- 6 M . This points to a very active enzyme.
Discussion
From the experimental results a natural role of MH4 in the synthesis of DA may be assumed. The retina differs from other tissues by its function in dependence of light exposure. We demonstrated that MH4 supports the synthesis of the modulator of light adaptation. The phenomenon that the dopa synthesis occurs without enzyme catalysis points to an archaic biological reaction. To get DA the very importance of AADC must be stressed. Rahman, Nagatsu and Kato (1981) proved the outstanding AADC activity of pineal gland. Our experimental results point also to a very active AADC in bovine retina.
Light accelerates the supply of MH4 and BH4 respectively and by this way increased dopa formation must be assumed. Our preceding experiments with rats showed that also under in-vivo conditions increased BH4 and MH2 contents of the retina were proved by electrochemical detection (Cremer-Bartels et aI, 1992). The rats were adapted to ca 2.000 Ix before the retinas were investigated and compared with dark adapted controls.
Also the overall biosynthesis of pteridines seems to increase in dependence of light exposure. In very early experiments , 1963 it was demonstrated that in-vitro the incorporation of np phosphate into in the so called "pteridine like substances" increased in the light exposed sets compared to the dark control. In that time neither neopterin nor monapterin were elucidated. It may be suggested that the "pteridine like substance" was neopterin-and/or monapterin-triphosphate. Biopterin was experimentally excluded.
In more recent experiments we found seasonal variation of BH4 of bovine retina by electrochemical detection (Cremer-Bartels et aI, 1993). To examine seasonal variation is a tool to get insight into light adaptation, since in summer time the animals are kept outdoors in long day light exposure. We found significantly increased BH4 compared to winter and fall respectively.
Seasonal variations in the susceptibility of HIOMT to pteridines in bovine retina was observed previously (Cremer-Bartels, Hollwich and Kotulla, 1975) . Only experiments performed from december to february showed increased HIOMT activities when triamterene was added. Further purification of HIOMT by saturation with ammonium sulfate and electro focusing confirmed the different susceptibility to pteridines of different fractions of pineal gland extracts in dependence of the season (Cremer-Bartels, 1979). These experimental results support the idea that unsubstituted, oxidized pteridines are involved in the regulation of melatonin biosynthesis, the modulator of dark adaptation.
A self sustaining circle seems to be based on light reduced pteridines on the one side and oxidized pteridines on the other side. DA the modulator of light adaptation is increased by photoreduction of pteridines and melatonin is increased by kinetic variations of the HIOMT in response to oxidative catalytic degradion products of pteridines. Iuvone et al (1985) discussed: "Several lines of evidence suggest that melatonin and DA are components of a feedback mechanism that regulates adaptation Pteridines / Vol. 6 / No. 3 at the level of the photoreceptor-pigment epithelial complex". A special function of monapterin in the retina was suggested (Gerding et aI, 1989) . The function of MH4 as cofactor of DA synthesis in the retina seems to be consistent. The occurance of stereoisomeric monapterin (umanopterin) in human urine was reported by Ogiva et al (1992) . The presence of D-monapterin in our bovine retina extracts was confirmed by Zeitler (1993) . D-monapterin is suggested to play a special role in mechanism of light adaptation in the mammalian retina.
The role of pteridines in the mechanism of light adaptation of the retina may also a be interpreted to have the function of protection against light. As was mentioned (Cremer-Bartels and Ebels, 1982) in relation to pineal HIOMT the phenomenons may be suggested to be a relict of a very early regulatory mechanism of response to light.
